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Holombo, Linda Kirby, M.A., Summer 1976 Psychology
Social Behaviors in Protein Deficient and Environmentally 
Deprived Rhesus Monkeys (150 pp.)
Director: David A. Strobe 1
Two experiments were conducted over a two-year period. 
Subjects were four groups of prepubescent monkeys (Macaca 
mulatta) reared on low- or high-protein diets, and living 
in a partial isolation or a group-living situation, thus 
providing a 2 x 2 factorial design. The purpose of the 
two studies was to examine the contributions of diet and 
environment, and their interactions to the development of 
social behavior. Individual and group behavior was recorded.
It was found that partial isolation resulted in an animal 
who was more aggressive and who engaged in less social 
contact and play behavior than the group-living animals.
When a deprived environment was combined with a deficient 
diet, it resulted in an animal who engaged in the greatest 
number of severe abnormal behaviors. The deficient diet 
alone resulted in an animal who engaged in immature abnormal 
behaviors which, according to his age, should have dropped 
out of his behavioral repertoire. The low-protein isolates 
maintained the greatest distances from each other.
It was further found that there were no definitive patterns 
of increased activity levels before the occurrence of an 
abnormal behavior, nor systematic patterns of decreasing 
activity levels after. The average levels of activity for 
those 10-minute sessions where no abnormal behaviors occurred 
was lower than the average activity level where five or more 
occurred. The low-protein partial isolates maintained the 
greatest distances from each other and this pattern was preva­
lent regardless of activity level.
The average heart rate of the low-protein animals was 
higher than the high-protein animals, and slightly higher 
for the partial isolates versus group-living animals. The 
heart rates of the low-protein animals correlated positively 
with the level of activity. Abnormal behaviors resulted in 
a reduction of average heart rate with the exception of self- 
biting which resulted in a higher average heart rate.
Problems with data collection methods were discussed. 
Results were discussed in terms of their implications for 
further research, and their possible implications for the 
human condition.
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CHAPTER I 
INTRODUCTION
In 179 8 Thomas Maithus put forth a theory that the 
world»s population would increase geometrically and that the 
w or lda bil it y  to produce sustenence would only increase 
mathematically. However, ’’positive checks" such as famine, 
war, and epidemics would decrease the population to a level 
compatible with the sustenence available (Hear, 1968). Up 
until the late 19th century the mortality rate and the birth 
rate were approximately equal, but with the improvements in 
sanitation, medicine, and other scientific advances such as 
DDT, the population began to increase (Heer, 1968). In 1966 
the world population was 3.4 billion and, of those, approx­
imately 3 billion people did not have access to sufficient 
food (Fleck, 1971). It has been well documented that many 
people suffer the effects of protein malnutrition. It is 
estimated that 7 of every 10 children under the age of 6 
in the entire world are subjected to chronic protein defic­
iencies (Keppel, 1968). Per capita production of food in 
developing countries has decreased with the increase in the 
population (Pearson, 1968) . The cumulative problems that 
occur with increasing demands for food, together with decreas
1
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ing supplies, will not easily be solved. Since nutrition is 
of world-wide concern, it behooves scientists to know as 
much as possible about the effects of malnutrition on phys­
iological and psychological development. Programs to allev­
iate malnutrition cannot be successful without this know­
ledge .
To cover the wide range of clinical signs of malnutri­
tion, the World Health Organization Expert Committee on 
Nutrition (FAO/V/HO, 1962) has recommended the use of the 
term "protein-calorie malnutrition" (PCM), which was further 
defined by Jelliffe and Welbourn (1963), Severe PCM often 
results in one of two clinical syndromes: kwashiorkor or
marasmus. Kwashiorkor develops at an early age from an 
unbalanced diet, low in protein but containing adequate 
calories supplied by carbohydrates. Marasmus refers to 
a syndrome caused by inadequate consumption of both calories 
and protein (Jelliffe and Welbourn, 1963). Montgomery (1962) 
suggested that these two conditions might well be the ex­
tremes of a single clinical syndrome,
Mild-to-moderate states of PCM are more prevalent and 
ubiquitous than severe forms, although the former have not 
received the same intensity of medical and experimental 
attention as the latter. The severity, age at onset, and 
duration of the nutritional deficiency must be considered 
in evaluating the effects of PCM.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
PCM and Retardation
It has long been recognized that PCM, regardless of the 
specific deficiency, produces retardation in physical growth 
and sexual maturation. Recent research efforts, however, 
have focused on defining the possible relationship between 
malnutrition and retarded behavioral development.
Behar (1968) reported that children who had lived in a 
state of chronic malnutrition from birth gain weight and 
height satisfactorily until 3 to 6 months of life, but there­
after their growth rate drops and never again approaches 
that of well nourished children of the .same age. Cravioto 
and Robles (1965) used the Developmental Quotients of the 
Gesell schedules to study preschool children one year after 
they had been hospitalized for protein-calorie malnutrition. 
They found that the younger the subject, the greater the 
difference between their performance and that of adequately 
fed age-mates. They also found severe retardation in lan­
guage development. Champakam, Srikantia and Gopalan (1968) 
studied Indian children who had been hospitalized for ’’class­
ical signs of kwashiorkor" at the age of 2 years. Subjects 
of their studies were matched with controls for age, sex, 
religion, caste, social-economic status, and family size. 
Testing these children at the average age of 9.2 years, 
thev found the greatest differences between the groups in 
abstract and perceptual abilities. They also found that as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
age increased, the differences decreased. Monckeberg (1968) 
reported that only 50% of the previously malnourished pre­
school subjects he studied in Chile showed "normal” psycho­
logical development. These studies have shown that in 
addition to physical growth retardation, psychological and 
intellectual developments are retarded.
The above studies have one thing in common. Children 
who suffer from malnutrition early in life come from fami­
lies of the lower socioeconomic classes where it is ex­
tremely difficult to control for the influence of environ­
mental variables such as alcoholism, illegitimacy, child 
rearing habits, and other cultural factors. It is also 
difficult to obtain early family history and precise infor­
mation regarding dietary conditions. Even with longitudinal 
studies, these factors would be difficult to control experi­
mentally. Therefore, a direct causal relationship cannot be 
made between diet and the reported deficits. For these 
reasons, studies using animals have become increasingly 
popular.
Animal Research on Protein Malnutrition
There have been many studies on rats , pigs, and dogs 
under various conditions of malnutrition. However, these 
animals are not well suited for extrapolations to the human 
conditions because of their short gestation period and 
accelerated maturational processes. Additionally, the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
periods of malnutrition that have been imposed were limited 
in severity and duration. These combined factors have 
restricted the interpretation and generalizability of the 
results to humans because long-term nutritional manipulations 
cannot be done on man.
Monkeys, on the other hand, have a much longer gesta­
tion period followed by developmental behavior sequences 
which more closely approximate those of the human. Humans 
and monkeys are also similar in that, at birth, they both 
show grasping responses, oral grasping and sucking patterns 
involved in the first feeding reactions; and both cry when 
things do not go their way and seem to be comforted when 
held properly (Mason, 1972).
The rhesus monkey does not reach its optimal level of 
intellectual development until sexual maturity, and social 
behavior continue to change from infancy through adolescence 
to adulthood (Mason, 1965). These similarities between the 
human and the non-human primate make the rhesus monkey an 
excellent subject for studying the effects of malnutrition 
on learning, behavior, and other facets of development.
Non-Human Primate Studies of PCM
Strobel and Zimmermann (1972) attached novel objects 
to chains suspended with the cages of well-nourished and 
protein malnourished rhesus monkeys and found that the 
introduction of the novel objects interrupted the manipulatioi
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
of the chains in the low protein monkeys. Aakre, Strobel, 
Zimmermann, and Geist (1973) tested monkeys on high- and 
low-protein diets in a puzzle-solving situation. When they 
tested the subjects under conditions of food reward and no 
food reward, they found that the performance of the low- 
protein monkeys was significantly decreased when the food 
reward was removed. Wise, Zimmermann and Strobel (1973) 
found that low protein monkeys scored significantly lower on 
measures of dominance unless food reward was involved, at 
which time the low-protein monkeys outperformed the high- 
protein monkeys. Strobel (1973) trained low- and high- 
protein monkeys to shuttle to the top of a tunnel and back 
for food reinforcement. He found that when novel objects 
were suspended in the tunnel, the response of the low- 
protein monkeys was interrupted. If the objects were 
repeatedly introduced, the response of the low-protein mon­
keys increased to previous levels. Strobel, Geist, Zimmer- 
mann, and Lindvig (1974) tested low- and high-protein mon­
keys on a brightness discrimination task where cues were 
either centrally or peripherally located and in which the 
area of the cues differed. After initial learning, the 
cues were reversed. The low-protein subjects were inferior 
to high-protein animals on the smallest cue areas and when 
the low-protein were shifted to the centrally located cues, 
their performance was significantly inferior to that of the 
high-protein controls.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Elias and Samonds (1974) studied infant monkeys under 
three diet conditions (adequate control diet, calorie-restricted 
diet, and a protein-deficient diet) together with two rearing 
conditions (enriched environment and partial isolation).
They found that calorie restriction produced the least differ­
ence in exploratory behavior and activity. Rearing conditions 
affected exploratory behavior more than did diet, but when 
rearing and protein restriction were paired, there was a 
severe impairment in this behavior. Hill and Riopelle (1974) 
studied activities of monkeys fed low-protein diets. They 
found that the low-protein animals lost weight and muscle 
tissue and were deficient in essential amino acids and plasma 
albumin. In addition to the physiological deficits, the 
animals exhibited fewer facial and head movements, fewer eye 
contacts, and less chain-pulling in their home cages.
The majority of studies dealing with malnutrition have 
dealt with aspects of physiological differences or with those 
behaviors believed to be related to intelligence. Since it 
is nearly impossible to separate out environmental and social 
factors in human studies, the effect of malnutrition on non­
human primate social development is an area well worth 
exploring.
Protein Malnutrition and Social Development in Monkeys
Zimmermann, Steere, Strobel, and Horn (19 72) studied the 
social behavior of malnourished monkeys. In the first stage
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of their study, they tested low-protein and high-protein 
monkeys in a social room, one hour per day five days per 
week. They observed each monkey for five minutes and 
recorded the duration and frequency of the following cate­
gories of behavior: approach play, avoidance-submission,
clutching and self stimulation, grooming and sexual behavior, 
and nonsocial behavior. The high-protein group showed a 
significantly higher frequency of approach play, sexual 
behavior and non-social behavior than did the low-protein 
monkeys. In terms of duration, the high-protein monkeys 
spent a greater portion of time in approach play and sexual 
behavior, and less time in clutching behavior and non-social 
forms of responses than did the low-protein group. In phase 
two of their experiment, Zimmermann et al. (1972) changed 
their social categories to distinguish between play behavior 
and aggressive behavior and to further specify non-social 
behavior. Their categories were social-aggressive inter­
action, social-tactual contact, social-approach play, object 
oriented (non-social) and undirected (non-social) activities. 
These categories are explicitly defined in the method section 
of Study I (below), Results of this phase showed that the 
low-protein monkeys spent significantly more of their time in 
non-social behaviors. When the experimenters examined only 
the social categories, they found that when engaging in 
social interactions, the low-protein monkeys showed signifi­
cantly more aggression than did the high-protein monkeys.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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At the conclusion of their studies, the authors specu­
lated on three alternative explanations for their findings. 
First, malnourished monkeys tended to avoid novel stimuli, 
and failed to make normal responses to social interactions. 
They hypothesized that this withdrawal from new and social 
stimuli "would be a self-imposed, de facto, form of stimulus 
deprivation" and produced, in effect, a social isolate mon­
key. Second, they hypothesized that, as a result of a height­
ened food drive, the low-protein animals concentrated only 
on food-getting to the exclusion of social interactions. 
Earlier studies by Zimmermann and Strobel [1970) and Strobel 
and Z^immermann (1971) had shown \that, when food reinforcement 
was used, the low-protein monkeys performed as well as the 
control animals. Malnourished monkeys, on the other hand, 
were less interested than controls in performing tasks, de­
void of extrinsic food rewards, for the purpose of manipula­
tion alone.
Their final hypothesis was that protein malnutrition 
produced monkeys that behaved like immature animals. A cur­
tailment in social interactions and a preoccupation with 
objects and other non-social stimuli are said to be charac­
teristic of young monkeys (Zimmermann et al., 1972).
Study I Rationale
Study I, conducted in preparation for Study II, had 
two objectives. The first objective was to determine
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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whether the results of Zimmermann et al. (1972) could be 
replicated. If so, these results would probably hold for 
other populations of monkeys reared in a similar manner. 
Secondly, by using groups of animals raised under different 
environmental conditions, I hoped to gather additional infor­
mation relative to the hypotheses that malnutrition produces 
a functional isolate or that malnutrition retards the matur­
ation process.
In order to compare Study I with that of Zimmermann 
et al. (1972), the same five categories of behavior were 
recorded with the same recording apparatus described in 
phase two of their study. The monkeys in their study lived 
in individual wire cages where they could see'and hear other 
monkeys but could not interact physically with them.
In Study I, four groups of animals were divided into
two environmental types. Two groups were maintained in a
similar manner to the Zimmermann et al. (1972) study as noted
above. The other two groups were housed in two large cages 
which allowed for 24-hour social interactions among the 
animals within each group. If monkeys fed low-protein diets 
and living together were still "abnormal” when placed in a 
free social room situation, it might be inferred that the 
causative factor was the malnutrition. Furthermore, the 
factoral design provides for the analysis of possible inter­
actions not specified by diet or rearing conditions alone.
To provide further information about possible develop­
ment of functional isolates during protein deprivation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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additional categories of behavior were developed. These 
categories included "abnormal*’ behaviors which have been 
found in monkeys raised under various isolation conditions 
(Mason, 1960; Harlow, Dodsworth and Harlow, 1965 ; Harlow 
and Harlow, 1965 ; Turner, Davenport, and Rogers, 1969; 
Mitchell and Clark, 1968; Messakian, 1969 ; Suomi, Harlow 
and Kimball, 1971; and Cross and Harlow, 1965). Also 
included in these categories were behaviors typical of 
immature monkeys (Rosenblum, 1970),
Finally, if the hypothesis proposed by Zimmermann et al 
(1972) that malnourished animals tend to isolate themselves 
in a social situation is correct, then an inverse relation­
ship might be expected between physical proximity in the 
social playroom and the degree of protein deficiency. A 
method was devised, therefore, to determine the spatial 
distance that the monkeys in each group maintained from each 
other.
In summary, a series of social tests were conducted to 
obtain the following information:
1, To determine the generalizability of the Zimmer- 
mann et al, (1972) results to other groups of 
monkeys.
2, To determine the differential effects of diet 
and environment, and their interaction, on the 
social development of rhesus monkeys.
3, To determine whether dietary and environmental 
differences would produce a functional isolate 
or an immature animal. A functional isolate is 
defined as an animal whose behavior would lead 
an observer to believe that the animal had been
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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reared in complete isolation (unable to even 
see and hear other monkeys). An immature an­
imal is defined as an animal who still has in 
his behavioral repertoire those behaviors which 
in a "normal" monkey of the same age would have 
disappeared due to maturation. These behaviors 
would include oral homosexuality, self-clutching, 
and a preoccupation with objects.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER II 
METHOD
Subj ects
Subjects were 16 rhesus monkeys (Macaca mulatta) ranging 
in age from two to four years. These animals were separated 
from their mothers at 90 days of age and maintained on a 
milk substitute formula (Prosobee) for approximately one to two 
weeks until they were weaned to a solid diet. At the age of 
120 days', they were assigned to either a low-protein or a 
high-protein diet.
These diets were isocaloric in content, but contained 
either 3.5% (low) or 25% (high) protein (Zimmermann and 
Strobel, 1969). Protein in the low diet represented 2.9% 
of the calories, and in the high 23% of the calories. These 
diets were pre-mixed into a dry homogenous powder and were 
formed into 70-80 gm. biscuits by adding water (Geist, 
Zimmermann, and Strobel, 1972). The animals were fed three 
biscuits per day.
The sixteen animals were divided into four groups (n=4), 
including two low-protein and two high-protein groups. They 
were then further divided into two types of living condi­
tions: group-reared and partial isolation, thus providing a
13
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2 x 2  factorial design. Under the partial isolation condi­
tion, the monkeys %̂ ere housed in individual cages measuring 
38,1 cm. X 45.72 cm. x 60.96 cm. where they could see and 
hear other monkeys, but could not physically interact with 
them. Under the group-reared condition, the monkeys lived 
together 24 hours a day in a large cage.
Following the first year of life, all groups were given 
access to the social playroom an average of twice a week. 
They received no previous social testing.
Aparatus
Social testing took place in a room measuring 243.84 
cm. X 228.6 cm. x 203.2 cm. The social room contained two 
horizontal shelves placed at different levels, a horizontal 
bar suspended from chains , and a vertical post with circular 
horizontal bars. In one wall of the social room is a grey 
smoked one-way plexiglass panel containing a sliding door that 
permits unobstructed observation of the animals with minimal 
human interference.
Procedure
The animals were observed for a period of 1,5 hours per 
social test. Three tests were recorded in each social 
session :
A, The first test consisted of recording the duration 
and frequency of five mutually exclusive categories of be-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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havior. Each monkey was observed for a five-minute period, 
during which the experimenter held a keyboard. Depressing 
keys numbered 1 through 5 activated, respectively, five fre­
quency counters and five electrical clocks which were also 
numbered 1 through 5. The clocks recorded the cumulative 
durations of each of the five categories of behavior within 
the five-minute period. Each animal was observed for two 
five-minute intervals during the 1.5 hrs. commencing 15 and 
45 minutes after being placed in the social room. Animals 
were randomly chosen with regard to the order in which they 
were observed.
The five categories of behavior were as follows:
1. Social-aggressive interactions : Behaviors which 
included approach, contact, mouthing, biting, 
between the aggressor and aggressee. The animals 
aggressed against appeared motivated by fear. Also 
included in this category were chasing, escape, and 
submission, and brutality which was characterized 
by one animal jumping on top of another animal and 
pulling hair out, biting, and pulling the skin.
2. Social-tactual contact : Behavior in which the 
animals mutually came into physical contact, sat 
quietly in a group, groomed, or mounted one another,
3. Social-approach play: Characterized by the animals 
chasing, running, jumping, rough-and-tumble play 
with mutual participation. It did not appear mot­
ivated by fear and included active approach, mouth­
ing, and biting with reciprocity.
4. Object oriented (non-social): Consisted of chain 
pulling and chewing, playing in the sawdust, swing­
ing from the poles, licking or chewing wood, bars and 
other room parts.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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5, Undirected (non-social); Involved sitting, stand­
ing, or pacing without visible direction, self- 
clutching, and self-stimulation.
B, In each five-minute period of observation the exper 
imenter also observed the total groups and recorded, on a 
separate data sheet, the animal number and frequency of 
occurrence of the following behaviors:
Self-mouthing : Oral self sexual stimulation.
Self-clutching : Sitting in a tightly curled up ball.
Inappropriate Sexual Posture; Mounting from the side 
or failing to clasp the legs of the monkeys being 
mounted in the appropriate way--that is, hind legs 
clasping hind legs and forelegs clasping the back.
This does not refer to one male monkey mounting an- 
other male monkey, which is a form of play and also 
a sign of dominance.
Stereotypic Rocking: Rocking back and forth repeatedly
without purpose.
Eye-poking : Putting the hand up to the eye usually in
a f i s t a n d  in such a way as to block vision to the 
front and side.
Catatonic Limb Contractions: Slow floating up of a
limb which seems to be involuntary and purposeless.
This is sometimes followed by the monkey suddenly 
noticing the limb, grabbing it, and biting it.
Oral Homosexual Activity: Oral sexual manipulation of
another same sex monkey.
Masturbation : Self-explanatory.
C. The position of each animal in the group was noted 
immediately after each five-minute observation. These posi­
tions were recorded on a two-dimensional scale drawing of 
the social room. Eight position observations were recorded 
during each social test session; four during the first
(IS minute) portion of the test, and four during the last
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(45 minute) part of the test. The drawing was divided into 
33.782 cm. square sections and the number of each section was 
recorded for analysis.
To minimize individual experimenter bias fourteen 
different observers were used. Each observer was trained 
with an experienced observer for two to three weeks. In 
addition to the training procedure, all testers were pre­
sented two 5-minute video taped social tests for recording, 
Intra- and inter-observer correlations were computed for 
each category of social behavior ; all correlations were 
greater than .95.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER III 
RESULTS
The percentage of time spent engaging in each of the 
five categories of behavior was calculated for 70 social 
tests for each of the four groups. An analysis of variance 
was then computed for each of the five categories. These 
analyses will be referred to as "unconditional".
The five categories of behavior.were then divided into 
social behaviors (categories: 1= aggression, 2=social con­
tact, 3=play) and"non-social behaviors (categories : 4=object
directed and 5=non-object, non-social). The percentage of 
time spent within each of the three sub-classes of social 
behavior was calculated conditionally. In other words, the 
total amount of time spent in social behaviors alone was 
summed, and percentages were recalculated excluding the time 
spent in the two non-social categories. Again, an analysis 
of variance was executed comparing groups for each of the 
three social behavior categories. These will be referred to 
as "conditional".
Average duration scores for each of the five categories 
were computed by dividing the total time spent in each cat­
egory within each test by the frequency of its occurrence 
within that test.
18
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19
What follows is a detailed description of all results 
obtained from the three types of analyses listed above.
These results are summarized in briefer form beginning on 
page 52.
Unconditional Analyses
Aggression. Analysis of the first category, aggression, 
revealed no main effect significance (Appendix 1). That is, 
there were no significant differences between groups when 
all 5 categories were included in the percentages. The 
analysis did show, however, a significant difference between 
the 15-45 minute variable (p<.02, df=12). All groups were 
more aggressive during the 15-minute test times than during 
the 45-minute test times (.25%=15 min. versus .18%=45 min.).
In other words, aggressive behaviors showed a decline over 
time spent in the social testing room.
Although there were other significant interactions in­
cluding groups X blocks (Figure 1), the trends were not 
consistent in a particular direction (monotonie).
Social Contact. Analysis (Appendix 2) of category 2, 
social contact, revealed no significant differences between 
groups and no clear trends.
Play. Analysis (Appendix 3) of category 3, play, re­
vealed that the rearing main effect was statistically sig­
nificant. The group-living reared monkeys spent significantly 
(P<.01, df=12) more time playing than the partial isolates
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(.4%=group living versus .06%=partial isolates). Significant 
interactions across groups x time were not monotonie.
Object Oriented. Analysis (Appendix 4) of variable 4, 
object directed behavior, revealed a significant rearing 
main effect (P<.05, df=12). The group-living animals en­
gaged in more object directed behavior than the partial 
isolates (25%=group living versus 16%=partial isolates). 
Again, significant interactions across time were not mono­
tonie .
Non-Object Oriented. Analysis (Appendix 5) of cate­
gory 5, non-object directed/non-social, also revealed a 
significant rearing main effect (P<.02, df=12) with the 
partial isolates engaging in more non-object, non-social 
behavior than the group-living condition (63%=partial 
isolate versus 78%=group living). Significant interactions 
across time were not monotonie.
Conditional Analyses
Aggression. Given that the animals were engaged in 
social behavior, the partial isolates spent significantly 
(P<.001, df=12) more time than the group-living animals in 
aggression (Appendix 6).
There were no significant dietary main effects, but 
magnitudes were in the predicted direction. As can be seen 
in Table 1, the low protein groups were more aggressive than 
the high protein groups.
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Table 1
Conditional Percentages of Aggression 
(Rearing main effects)
Low High X
Partial Isolate .39 .35 .38
Group Living .15 .07 .11
X .27 .21
(P<.001, df=12)
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There was also a significant (P<.01, df=12) protein x 
15-45 minute interaction. As can be seen in Figure 2, the 
aggression of the high protein animals decreases over time 
in the testing situation, while the level of aggression in 
the low protein groups remains relatively stable.
A post hoc Newman-Keuls paired comparison test of the 
data in Figure 2 further revealed that there were significant 
differences between the low- and high-protein groups within 
the tests beginning at 45 minutes, but not within the earlier 
15 minute tests. There was also a significant difference
between the high protein IS and 45 minute tests, but there
was no.significant difference within the low protein tests.
So that the aggression of the high-protein groups went down 
with time spent in the social testing room, but the low- 
protein animals remained stable.
Significant interactions over time were again not mono­
tonie. Figure 3 represents a significant (P<.01, df=12)
protein x blocks interaction of 10 tests. 4s can be seen,
there were no clear-cut trends within either the low or 
high protein across blocks, and no clear trends between the 
diet conditions across blocks. Other significant interactions 
seen in Appendix 6 were similar to the one graphed in Fig­
ure 3, i.e., there were no clear trends.
Social Contact. Analysis (Appendix 7) of conditional 
percentages for category 2, social contact, revealed a sig­
nificant (P<.03, df=12) rearing main effect. The group -
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living animals spent more time engaged in social contact 
(grooming, etc.) than the partial isolates (.39=group- 
living versus .23=partial isolate).
There was a significant protein x blocks interaction 
(P <. 001, df-72) . But, as can be seen in Figure 4, the 
trends were not monotonie.
There was also a significant (p<.01, df=72) protein x 
rearing x blocks interaction. The only clear trend (Fig­
ure 5) that appeared was that after the first 10 tests,
(Block 1) the low protein partial isolates engaged in less 
contact over the remaining blocks than any of the other 
groups. All. other significant'interactions reflect no 
clear trends.
Play. The analysis of variance (Appendix 8) for cate­
gory 3, play, revealed only one significant (P<.04, df=12) 
interaction, rearing x 15-45 minute. A post hoc Newman- 
Keuls paired comparison test revealed that the group-living 
and partial isolates were significantly (P<,OS, df=12) 
different at both the 15 minute tests and the 45 minute tests, 
but do not differ within (Figure 6). No other significant 
interactions revealed clear trends.
Duration
Aggression. The analysis of variance (Appendix 9) for 
the average duration of category 1, aggression, yielded a 
significant (P<.0001, df=12) rearing main effect. When the
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partial isolates engaged in aggression, the duration of that 
aggression was significantly longer than the duration of the 
aggression of the group -living animals (partial isolates = 
3.74 seconds versus group living=l.03).
There was also a significant (P<.01, df=12) diet by 
rearing interaction. Table 2 presents mean duration scores 
in seconds for the diet and rearing conditions averaged 
across all tests.
Figure 7 presents a graph of this diet x rearing inter­
action.
There was also a main effect for the 15-45 minute var­
iable indicating that the average duration of the aggression 
occurring during the 15-minute tests was significantly 
(P<.0001, df=12) higher than the average duration of the 
aggression during the 45-minute tests (Figure 8). There 
were also significant (P<.001, df"12) rearing x 15-45 minute 
effects and significant (P<.01, df=12) diet x 15-45 minute 
effects. As can be seen in Figure 9, the rearing and diet 
conditions showed similar effects and were resulting in 
similar kinds of behavior.
There were also significant main effects across days. 
However, there were no clear-cut trends observed. Further­
more, there were numerous interactions with the independent 
variables and the repeated measures. However, again no 
clear trends were observed.
Social Contact. Analysis (Appendix 10) of the average
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Table 2
Mean Duration (Seconds) for Aggression
Low High X
Group Living 1.42 .65 1.03
Pratial Isolates 3.19 4.28 3.73
X 2.3 2.46
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Figure 8
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duration for social contact yielded a significant (P<.08, 
df=12) rearing main effect and also a significant (P<.04, 
df=12) rearing x diet interaction (Figure 10). As can be 
seen in Figure 10, the differences in average duration of 
social contact diminished with increasing protein content 
in the diet.
There were no differences across the 15-45 minute var­
iable, and again significant interactions were not monotonie.
Play. Analysis (Appendix 11) of the average duration 
of play yielded no significant rearing or diet main effects. 
There was a significant (P<.03, df=12) diet x 15-45 minute 
interaction (Figure 11) with the high-protein animals 
playing for shorter periods of time during the 45 minute 
tests than during the 15 minute tests, while the low-protein 
animals remained stable across tests.
Although there was no significant diet x rearing inter­
action , a graph of that interaction (Figure 12) clarifies 
the diet x 15-45 minute interaction. As can be seen, the low 
protein group -living animals played the longest at each 
occurrence, and the high-protein group-living and low-protein 
partial isolates played for shorter periods of time. Other 
significant interactions were not monotonie.
Object Oriented. Analysis (Appendix 12) of variable 
4, object oriented behavior, revealed a significant (P<.03, 
df=12) diet main effect with the average duration of the 
low protein at each occurrence being longer for object
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oriented behavior than the high protein (17.8=low protein 
versus 10.5=high protein).
There was also a significant (P<,G7, df=12) 15-45 
minute main effect indicating that when all groups are con­
sidered, the average duration of object oriented behaviors 
increases (13.2=15 minute versus 15.2=45 minute). There was 
also a significant (P<.04, df=12) rearing x 15-45 minute 
interaction. Figure 13 is an illustration of this inter­
action showing that group-living animals remained stable 
in duration whi1e partial isolates increased in duration.
The graph further includes the diet x 15-45 minute inter­
action which shows: that lowuprotein duration increased, and 
the high protein remained stable.
Non-Object, Non-Social. Analysis (Appendix 13) of the 
non-object, non-social category (5) yielded no significant 
main effects for any of the independent variables or repeated 
measures. There were some significant interactions, but 
again they were not monotonie.
Abnormal Behaviors
The frequency of the occurrence of the abnormal be­
haviors was analyzed separately for each behavior, for 
several behaviors combined (severe and immature), and over­
all. The analyses of variance performed on these data did 
not yield many statistically significant differences.
Table 3 shows the group frequencies for each abnormal
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Figure 13
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Group Frequencies of All Abnormal Behaviors
Abnormal Behavior 
S = Severe 
I = Immature
Self Mouthing = I
Self Clutching = S
Self Biting = S
Inappropriate 
Sexual 
Posture = I
Stereotypic 
Rocking = S
Eye Poke = I
Catatonic Limb 
Contractions = S
Oral Homo­
sexuality = I
Masturbation = I
Low
Protein
Partial
Isolate
18
177
464
3
28
133
16
6
High
Protein
Partial
Isolate
33
48
41
145
0
5
29
54
21
Low
Protein
Group
Living
70
1
2
10
0
14
12
438
0
High
Protein
Group
Living
2
2
0
0
11
0
4
0
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behavior. From the figures presented, it would appear that 
there should be significant differences. However, one or 
two animals within each group accounted for most of the 
abnormal behaviors. Since the within group variances were 
so high, differences between groups were, for the most part, 
not significant.
The individual analyses of variance (Appendix 14 through 
22) are reported below.
For self-mouthing (i.e., self sexual stimulation) there 
was a significant (P<.03, df=12) diet x 15-45 minute inter­
action which revealed that more self-mouthing took place 
during the 45 minute tests than the 15 minute tests for the 
low protein animals, and the reverse was true for the high 
protein animals (Figure 14).
For self-clutching (sitting in a tightly curled up ball) 
there was a significant (P<.OS, df=12) rearing main effect, 
showing that the partial isolates engaged in this behavior 
significantly more than did the group-living animals (14.1 
versus .19),
For self-biting there were no significant main effects 
or interactions.
For inappropriate sexual posture there was a signifi­
cant (P<.09, df=12) rearing x diet interaction (Figure 15).
As can be seen, the high protein partial isolates engaged 
in this behavior more than any other group.
There were no significant differences for stereotypic
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Figure 14
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Figure 15 
Inappropriate Sexual Posture 
(Rearing x Diet Interaction)
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rocking; in fact, this only occurred three times (low- 
protein partial-isolate group).
There was a significant (P<.09, df=12) diet main effect 
for eye poking with the low protein animals engaging in this 
behavior more frequently than the high protein. There was 
also a significant (P<..01, df=12) rearing x 15-45 minute 
interaction (Figure 16) showing that the eye poking behavior 
in the partial isolates declined in frequency during the 45 
minute tests, while the eye poking of the group living in­
creased .
There were no significant main effects or interactions 
for catatonic limb contractions.
For oral homosexuality there were three significant 
interactions, rearing x diet (P<.08, df=12), rearing x 15-45 
minute (P<.07, df=12), and protein x 15-45 minute (P<.02, 
df=12). The rearing x diet interaction is graphed in Figure 
17. As can be seen, the low protein group living engaged 
in the oral homosexuality the most, in fact far exceeding 
all other groups. This is again evidenced in Figure 18 
which shows the rearing x- and protein x 15-45 minute inter­
actions .
There was a significant (P<.06, df=12) rearing main 
effect for masturbation indicating that the partial isolate 
animals engaged in this behavior significantly more than the 
group living animals. In fact, the group living animals 
did not engage in this behavior at all (partial isolate=l.7
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
46
Figure 16
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Figure 17
Oral Homosexuality
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Figure 18
Oral Homosexuality
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versus group living=00),
When the abnormal behaviors were combined into those 
which might be labeled "severe”, i.e., self-clutching, self- 
biting, and catatonic limb contractions, and an analysis of 
variance was performed (Appendix 23), there were no signi­
ficant differences. Again, this failure to find significance 
was due to a high within group variance. However, the means 
were in the direction predicted (Table 4).
When an analysis of variance (Appendix 24) was per­
formed on those abnormal behaviors which might be labeled 
"immature”, i.e., seIf-mouthing, inappropriate sexual pos­
ture, eye poking, oral homosexuality, and masturbation, 
there were significant (P<.03, df=12) rearing x diet effects, 
with the low protein, group living animals engaging in the 
greatest number of immature abnormal behaviors (Table 5).
A post hoc Newman-Keuls paired comparison test revealed 
significant differences between the low and high protein, 
group living groups and between the two low protein groups 
(partial isolate and group living) , but no differences be­
tween the low protein group living and high protein partial 
isolate groups.
Distance Scores
The analysis of variance (Appendix 26) of the distance 
scores yielded significant rearing main effects (P .01, 
df=1) and diet main effects (P<.01, df=l). Examination
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Table 4
Means for Severe Abnormal 
Behaviors-Nonsignificant
High Low
Partial Isolate 27.00 193.5
Group Living .50 3.7 5
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Table 5
Means for Immature Abnormal Behaviors 
(Rearing x Diet Interaction)
High Low X
Partial Isolate 64.25 18.25 41.25
t
Group Living 4.25 132. 25 68. 25
% 34.25 75.25
- Significantly different
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of the average distances (Table 6) for each group revealed 
that the low protein group living animals maintained the 
closest proximities to each other of all groups. The high 
protein partial isolates remained significantly farther apart 
than all other groups followed by the high protein partial 
isolates.
What follows is a brief summary of all results.
Tables 7 through 9 summarize the main effects and their 
interactions for the unconditional percentage analyses of 
the five behavioral categories, the conditional analyses 
of the social behavior categories, and the duration data 
for the five categories, respectively.
The significant points of the Tables are as follows:
Unconditional.
1. The group-living animals played significantly more 
than did the partial isolates.
2. The group-living animals spent more time engaging 
in object-directed behavior than did the partial isolates;
the low-protein groups also spent more time in object-directed 
behavior than did the high protein groups.
3. The partial isolates spent significantly more time
in non-directed, non-social behavior than did the group-living 
animals.
Conditional.
1. The partial isolates were significantly more
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Table 6
Mean Distances
(Rearing and Diet Main Effects)
(Numbers expressed in inches)
High Low X
Partial Isolate 59.10 69.47 64.29
(P<.01, df-1)
Group Living 51.00 55.65 52.99
X 54.72 62.56
(P<.01, df=l)
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Summary of Unconditional Main Effects 
and Significant Interactions
(Nuikbers Represent Percentages)
54
Low High Rearing
Protein Protein Means P Value
Aggression . 027 . 020 . 023 <.75
Contact .034 .039 . 036 < . 69
Partial Play . 012 . 002 . 007 <.007*
Isolates Obj. Dir. . 201 . 116 .161 <• 05*
Non. Obj. . 725 . 828 . 776 <.0 2*
Aggression . 019 . 022 . 020 <. 75
Contact . 058 . 030 . 044 <. 69
Group Play . 034 . 049 . 041 <.007*
Living Obj. Dir. . 304 . 213 . 258 <. 05*
Non. Obj. . 601 . 660 . 630 < . 0 2*
Aggression . 023 . 020
Contact . 046 . 034 No Significant
Diet Play . 023 . 025 Rearing X Diet
Means Obj. Dir. . 255 . 164 Interaction
Non. Obj. . 662 . 744
Aggression <.85 <.85
Contact < . 54 < . 54
Diet Play <. 81 <.81
P Values Obj. Dir. < .06* < . 06*
Non. Obj. <.15 < . 15
* = Significance
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Table 8
Summary of Conditional Main Effects 
and Significant Interactions
(Numbers Represent Conditional Percentages)
Partial
Isolate
Group
Living
Diet
Means
Diet
P Values
Low High Rearing RearingProtein Protein Means P Values
Aggression . 395 .355 . 375 <.001*Contact . 146 . 312 . 229 < . 03*Play . 110 . 117 .113 < . 12
Aggression . 154 ■ . 071 . 112 <.001*Contact .428 . 350 . 389 < . 03*Play . 285 .160 . 222 < . 12
Aggression .274 . 213Contact .287 . 331
Play . 197 . 138
Aggression <.16 <.16 Rearing X DietContact < . 51 <. 51 SignificantPlay <.60 <.60 Interaction
Contact: RxD=<.08
Significance
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Summary of Duration Main Effects
and Significant Interactions
(Numbers Represent Seconds)
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Low
Protein
High
Protein
Rearing
Means
Rearing 
P Values
Partial
Isolates
Group
Living
Aggression
Contact
Play
Obj. Dir. 
Non. Obj.
Aggression
Contact
Play
Obj. Dir. 
Non. Obj.
3.196 
1. 894 
1. 310 
20.421 
65.801
1. 418 
8. 508
2. 903 
15.277 
28.938
4.277 
4.680 
2. 162 
7. 751 
91.800
. 65 
4. 054 
1.120 
13.342 
81.082
3
3
1
14
78
736
286
736
086
801
1. 034 
6. 281 
2 . Oil 
14.309 
55.010
<
<
<
<
<
<
<
001*
09*
75
94
33
001* 
0 9* 
75 
94 
33
Diet 
P Values
Aggression 2.307 
Contact 5.201
Play 2.10 6
Obj. Dir- 17.849 
Non. Obj. 47.370
Aggression <.6 3
Contact <.62
Play <.61
Obj. Dir. <.03*
Non. Obj. <.11
2.463 
4. 367 
1. 641 
10.547 
86.441
<
<
<
<
<
63
62
61
03*
11
Rearing x Diet 
Significant 
Interaction
Aggression=<.02* 
Contact =<.0 5* 
Obj. Dir. =<.10*
* = Significance
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aggressive than the group-living animals.
2. The partial isolates spent significantly less time 
in contact behavior than did the group-living animals.
There was a significant rearing x diet interaction for con­
tact, which revealed the following ascending order: low-
protein partial isolates, high-protein partial isolates, 
high-protein group living and low-protein group living.
Duration.
1. The average duration of the aggressive interactions 
of the partial isolates was significantly higher than that 
of the group-living animals. There was a significant 
rearing x diet interaction for the average duration of 
aggression, which revealed the following ascending order : 
high-protein group living, low-protein group living, 
low-protein partial isolates, and high-protein partial 
isolates.
2. The average duration of contact was significantly 
greater for the group-living animals than for partial 
isolates. There was a significant rearing x diet inter­
action for contact, which reflected the following ascending 
order: low-protein partial isolates, high-protein group 
living, high-protein partial isolates, and low-protein 
group living.
3. The average duration of object►directed behavior 
was significantly greater for the low-protein animals than 
the high protein. A significant rearing x diet interaction
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revealed the following ascending order: high-protein
partial isolates, high-protein group living, low-protein 
group living, and low-protein partial isolates.
There were a few significant interactions with time 
spent in the social testing room. The unconditional and 
conditional percentages of time spent in aggression for the 
high-protein groups decreased after 45 minutes in the test­
ing situation, but remained stable for the low-protein con­
dition. While the total percentage remained stable for the 
low-protein animals over time in the social room, the 
average duration of the aggression decreased significantly 
after 45 minutes.
The group-living animals played more across time in 
the social room, but the average duration of each occurrence 
of play decreased for the high-protein animals after 45 
minutes.
The average duration of each occurrence of object- 
directed behavior increased after 45 minutes in the testing 
situation for the low-protein condition and partial isola­
tion condition.
The analysis of the distance scores revealed a signi­
ficant main effect for both rearing and diet. The low- 
protein partial isolates maintained the greatest distances 
from each other, followed by the high-protein partial iso­
lates, the high-protein group living, and the low-protein 
group-living animals.
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The low-protein partial isolates engaged in the highest 
number of severe abnormal behavior but, because of a high 
within-group variance, there were no significant main 
effects.
The low-protein group-living animals engaged in signi­
ficantly more immature abnormal behaviors than any other 
group.
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CHAPTER IV 
DISCUSSION
Zimmermann et al. (1972) found low-protein partial 
isolates to be significantly more aggressive than the high- 
protein partial isolates. The results of the present study 
partially confirmed these findings ; partial isolates were 
more aggressive than were the high-protein animals (39% 
versus 34% in the conditional computations). However, this 
difference was not statistically significant.
There are two possible explanations for these differ­
ent results. First, in the Zimmermann et al. (1972) study, 
the groups were tested 5 days a week, while in this study 
they were tested only two times per week. Perhaps the 
more frequent testing allowed for a carry-over of adaptation 
to the testing situation from one day to the next. In the 
current study, the aggression of the high-protein partial 
isolates decreased from tests beginning 15 minutes after 
being placed in the social room to those beginning after 
45 minutes in the testing situation.
Second, the Zimmermann et al. (19 72) study, the
greatest majority of the social testing was done by a
single experimenter. The results, then, could have reflected
this experimenter’s bias. In the current study 14 experi-
60
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menters were used.
There appears to be support for the hypothesis that a 
low-protein diet results in the development of an ’’immature'’ 
animal. The low-protein, group-living animals in this study 
engaged in a significantly greater number of immature ab­
normal behaviors such as oral homosexuality and self- 
mouthing. They also spent a greater portion of their time 
in object-oriented behavior. This is consistent with the 
description of immature animals given by Zimmermann et al. 
(1972); i.e., showing a preoccupation with objects.
The "immature" animals were quite different from the 
high-protein group-living animals in their behavior. Their 
cage was located in the hall, and many experimenters passed
by. The high-protein animals would run around their cage
and threaten humans who approached. The low-protein group- 
living animals, on the other hand, ran to the farthest side 
of the cage and huddled together fearfully. This same type 
of behavior took place in the social room; for example,
this group spent 43% of their social interactions in social
contact. Most of the time there were three animals huddled 
close together while two were engaged in oral homosexuality. 
Their age-mate controls, the high-protein group-living 
animals, were much more active, did not huddle, and usually 
engaged in grooming while in social contact.
It is possible that having to adapt to a low-protein 
diet leaves little energy for social development so that,
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as well as being physically retarded in growth, they were 
emotionally retarded in social development.
The hypothesis that a low-protein diet produced a 
"functional isolate" was generally not supported. The above 
description of the low-protein group-living animals is not 
a description of a functional isolate, i.e., one who avoids 
social contact and physically isolates himself from other 
monkeys.
However, it appears that when a low-protein diet is 
paired with a deprived social situation, the low-protein 
condition may exacerbate the effects of environmental con­
ditions such that it results in what'appears to be a func­
tional isolate.
The low-protein partial isolate animals maintained the 
greatest distances from each other (physical isolation) and 
engaged in social contact significantly less often than 
the low-protein group living animals (.15 versus .43 = 
conditional percentages). This group was also the most 
aggressive, and the percentages of aggression did not 
decrease with time spent in the social room.
The frequency of severe abnormal behaviors was greatest 
for this group. For instance rather than huddle together, 
they huddled alone. They also engaged in more catatonic 
limb contractions and self-biting. Most of the abnormal 
behaviors were accounted for by the two animals lowest on 
the dominance hierarchy who spent 73% of their time in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
63
non-object, non -social behavior,- so that their level of 
activity was lower than that of any other group.
The high-protein partial isolates exhibited behaviors 
similar to both low-protein groups, and their performance 
usually fell below that of the low-protein group-living 
animals. They were above that of the low-protein partial 
isolates in terms of aggression levels, social contact, and 
both severe and immature abnormal behaviors. These results 
are similar to other studies where partial isolation is the 
only dependent variable.
Bigelow (1972) studied aggressive behavior in primate 
societies and hypothesized that one of the functions of 
aggression is to establish social bonds and stabilize re­
sponse patterns within the group, both to maintain a smooth 
social unit and to aid in protection from outside attack.
He also found that the most frequent cause of aggressive 
interactions was the introduction of a strange animal into 
the group. Perhaps the low-protein diet exacerbates the par­
tial isolation condition such that the low-protein partial 
isolates do not recognize each other as a social unit, but 
view each test as equivalent to an introduction to strangers. 
This hypothesis is further confirmed by studies by Bernstein, 
Gordon, and Rose (1974) who state that, as a group becomes 
organized into a social unit, extreme forms of aggression 
disappear, and aggressive frequencies decline. This was 
not the case for the low-protein partial isolates either
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across tests or within testing periods.
Baldwin and Baldwin (1974) studied interpersonal 
spacing in wild baboons. They hypothesized that distance 
was maintained between animals due to fear-produced aver- 
sive conditioning. The current study supports this hypoth­
esis behavior the animals do not behave as social units,
i.e., stay in close proximity to each other, which might be 
a form of this fear-produced aversive conditioning.
If the social testing situation is viewed as equiva­
lent to the introduction to strangers, then each testing 
situation would be an arousing situation and, as such, 
increases aggression.
It might be speculated that, since animals living 
alone have no opportunity to ventilate arousal on other 
animals, they learn to release this on themselves by 
engaging in abnormal behavior. For the most part, those 
animals who engaged in the severe abnormal behaviors 
were low on the dominance hierarchies. This would further 
restrict the external release of arousal. If this is the 
case, then engaging in abnormal behaviors reduces arousal 
levels and is, therefore, adaptive. Furthermore, main­
taining greater distances from each other would be less 
arousing, and also adaptive. Abnormal behaviors might 
also be adaptive by resulting in social distance. Normal 
animals may be hesitant to approach another animal engaging 
in bizarre behaviors.
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CHAPTER V 
SUrPTARY
Four groups of rhesus monkeys sustained on low protein 
or high protein diets and reared under partial isolation or 
group living conditions ( 2 x 2  factorial design) were social 
tested twice weekly for 35 weeks.
Data was collected on normal social behaviors, abnormal 
behaviors, and the distances that the animals maintained 
from each other.
It was found that partial isolation resulted in an 
animal who was more aggressive and who engaged in less 
social contact and play behavior than the group-living 
animals. IVhen a deprived environment was combined with a 
deficient diet, it resulted in an animal who engaged in the 
greatest number of severe abnormal behaviors (self-biting, 
catatonic limb contractions , and self-clutching). The 
deficient diet also resulted in an animal who engaged in 
immature abnormal behaviors such as self-mouthing, inappro­
priate sexual posture, eye poking, oral homosexuality, and 
masturbation which, according to his age, should have dropped 
out of his behavioral repertoire.
The low-protein partial isolates maintained the great­
est distances from each other followed by the high-protein
65
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partial Isolates. The group-living animals maintained the 
closest proximity to each other.
Increased arousal and a retardation of social develop­
ment were discussed as possible hypotheses for the results. 
Based on these hypotheses another study was designed.
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CHAPTER VI 
INTRODUCTION
There have been few studies to determine the causes of 
abnormal behaviors in monkeys. Abnormal behaviors have 
been produced and then attributed to various isolation 
conditions (Cross and Harlow, 1965), and have been said to 
be due to a specific deficiency in the learning history of 
the organism. Chamove and Harlow (1970) theorized that 
self-biting behavior may be due to frustration, Gluck and 
Sackett (1974) reported that self-aggression could be shown 
by investigators to be a function of extinction-produced 
frustration which can produce intersubject aggression in 
normal animals. They also reported G. W . Masorts theory of 
arousal - learning which they said suggests ’’that abnormal be­
havior of social isolates results from either excessive 
emotionality, misdirected contact-seeking behaviors , or 
insufficient learning opportunities”,
Gluck and Sackett (1974) tested the effect of frustra­
tion due to an extinction schedule on partial isolate mon­
keys. They found that, when the extinction was first intro­
duced, the rate of self-biting increased, but that it 
leveled off and returned to baseline rates within four days
67
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after the extinction schedule was introduced. They did not 
report at what rate lever pressing decreased with extinction, 
but it would appear that, as the animal learned that it was 
not going to be rewarded, it was less frustrated and would 
concurrently respond less.
Erwin, Mitchell and Maple (1973) studied self-biting 
in monkeys. Their subjects lived mostly in partial isola­
tion, but occasionally were paired with a monkey of the 
opposite sex. They found very little self-biting, but when 
it did occur, it was almost exclusively in association with 
threats directed toward neighboring animals or human observers 
They called these events "uncompletable events", but it 
could just as easily be called frustration.
As quoted earlier, there have been many studies show­
ing that various isolation situations can produce abnormal 
behaviors. However, other than self-biting, there have 
been no studies dealing with the direct cause of other ab­
normal behaviors. They have merely been reported as behav­
iors that appear when animals are raised in isolation or 
partial isolation.
In Study I, the low-protein partial isolates exhibited 
the highest frequency of abnormal behaviors, with self- 
biting the highest. This group also showed the highest 
percentage of aggressive behavior. The low-protein group- 
living animals exhibited a high rate of abnormal behaviors, 
mainly oral homosexuality, and self-clutching. The high-
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protein partial isolates exhibited high rates of self- 
biting, self-clutching, and inappropriate sexual postures, 
together with a high rate of aggressive behaviors. The 
high-protein group animals exhibited a negligible amount of 
abnormal behaviors.
Because of the high rates of aggressive behaviors in 
all groups except the high-protein group -living animals, it 
was hypothesized that these animals engage in abnormal 
behaviors as a result of increased arousal and activity.
When aggressive behavior occurs, it includes animals chasing 
each other, running, vocalizing, and jumping. When the 
aggression occurs, the animals do not know how to react to 
the aggressive animal, and therefore adapt to the high 
arousal by engaging in abnormal behaviors. That is, as the 
level of activity increases in the social situation, some­
times resulting in aggressive behavior, a select number of 
animals in each of the groups would exhibit abnormal behaviors 
such as self-biting. In adequately socialized monkeys this 
biting would be directed to other monkeys, usually in harm­
less play activity. But, in the case of self-biting, the 
partial isolates did not have continual access to other 
monkeys, and had learned to bite themselves when aroused. 
Frustration and excessive emotionality would both be 
arousal situations, and the reduction in self-biting as 
days of extinction progressed in the Gluck and Sackett (1974) 
study could be explained by the lowering of arousal through
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habituation.
Therefore, arousal may cause abnormal behaviors, or 
arousal like self-biting may be the result of another 
causal agent. Either way, it would be predicted that the 
two would be correlated. It is also possible that abnormal 
behaviors may or may not be precipitated by external, 
recordable events.
In order to determine whether or not the distance the 
animals in each group maintained from each other was a con­
stant factor or whether it was in reaction to a disturbance 
within the group, further distance measures were recorded. 
It was hypothesized that, as the level of arousal rises, 
the animals would disperse^ but that the partial isolates 
would not maintain close proximities to each other even in 
the absence of aggressive behaviors. It was also hypoth­
esized that the majority of the abnormal behaviors would 
occur when an animal was not close to other animals.
If the scale of arousal that was developed for record­
ing was valid, the physiological (internal) state of the 
monkey should reflect this arousal. As arousal goes up 
on the scale, a monkey's heart rate should accelerate.
To summarize, the following hypotheses were formulated
1. Arousal in social situations is stressful for 
animals raised in partial isolation. Abnormal 
behavior^ which result in a reduction of stress, 
are adaptive behaviors for these animals,
2. Higher levels of arousal should result in a spa­
tial dispersion of the animals. It was predicted 
that when abnormal behaviors occur, the other 
animals will avoid the animal engaging in them.
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3. As levels of arousal fluctuate there should be
corresponding physiological changes, and abnormal 
behaviors should result in a reduction of heart 
rate .
Therefore, the following results were predicted: 
Hypothesis 1.
A. The low-protein partial isolates would show 
the highest frequency of abnormal behaviors and 
these will correlate with a high incidence of 
elevated arousal scores.
B. The high-protein partial isolates would show 
a high rate of abnormal behaviors but lower than 
low-protein partial isolates. These %fould be 
correlated with a higher incidence of elevated 
arousal states.
C- The low-protein group-living animals would 
show fewer elevated arousal states, but these 
would be correlated with abnormal behaviors 
considered to be immature rather than exceedingly 
abnormal.
D. The high-protein group-living animals would 
exhibit fewer elevated arousal states and no 
abnormal behaviors.
Hypothesis 2.
A greater spatial distance would be maintained by 
the partial isolates, and those animals engaging 
in abnormal behaviors would be avoided by the 
other animals.
Hypothesis 3,
A. Arousal states would result in changes in 
heart rate, and abnormal behaviors would result 
in a decrease in heart rate.
B. The group-living animals would show the most 
stable heart rate and the partial isolates would 
show greater fluctuations.
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CHAPTER VII 
METHOD
Subjects
Subjects remained the same as detailed in Study I with 
the exception of one animal in the high-protein partial 
isolate group who died for reasons unrelated to his diet in 
November, 19 74. He was replaced by an animal of the same 
age and sex who had been reared in partial isolation as a 
substitute animal for this group, and who had received 
approximately equal socialization. Social tests including 
the replacement animal we re run using the old method until 
it was determined that there was no significant difference 
in the group due to the loss and replacement of one member.
Apparatus
Social testing took place in the same room as used in 
Study I. Data on the level of activity were recorded on a 
standard adding machine; the tapes were the data records.
Distance data were recorded on data sheets using a 
matrix two-dimensional drawing of the social room (Figure 19) 
A program, called "Monkey", was developed for compiling and 
computing the distances by Dr. James Ullrich who patterned 
it after a program called "Ratlove" (Poor, 1972).
72
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A portable radio telemetry transmitter (F-KEG Electronic 
Co., Ltd., Vancouver, B. C.) was used for recording heart 
rates. The transmitter is 4.445 cm. x 5.08 cm. x 1.905 cm, 
and weighs 75 gm.; it is powered by four 1.5 v. Mallory 
cells and has a range of approximately 100 feet. The 
transmitter was attached to the monkey and held in place by 
a harness designed specifically for this purpose. An FM 
radio frequency range was used to pick up the signals which 
were then recorded on data sheets.
Procedure
Each group of animals was social tested twice weekly 
for ten weeks. A scale reflecting the behavioral level of 
arousal of various social interactions was developed (Fig­
ure 20). The level of arousal was recorded on a scale from 
0 through 7 according to the most prevalent behavior in the 
group. That is, if two animals were engaged in aggressive 
behavior, this was recorded rather than that of the remain­
ing two animals in the group who were not involved and whose 
specific arousal level was 1ower. The number of animals 
involved in the interaction was also recorded. This 
resulted in a two-digit code. The first digit indicated the 
arousal level, and the second indicated the number of 
animals involved.
The same abnormal categories of behavior (Study I) 
were used, and coded with two 2-digit numbers to distinguish
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Figure 2 0
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ACTIVITY (AROUSAL) SCALE
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them from the levels of arousal. Two types of codes were
used to indicate whether or not the animal who engaged in
the abnormal behavior was actively participating in the
arousal level that was being recorded. The codes were as
follows with the 90 series indicating active participation
in the group activity by the animal, and the SO series
indicating no participation by the animal that was engaging
in the abnormal behavior:
SeIf-mouthing--9 0 ,80
Self-clutching--91,81
Catatonic limb contractions --92 ,82
Self-biting--9 3,83
Stereotypic rocking--94,84
Eye poking--95,85
Inappropriate sexual posture --96,86 
Oral homosexual activity--97,87 
Masturbation--9 8,88
These categories were defined in Study I.
The abnormal behaviors were recorded as they occurred.
That is, while recording arousal level and the number of
animals involved, the experimenter recorded immediately the
occurrence of an abnormal behavior on the adding machine
tape; this resulted in a sequence showing the level of
behavioral arousal which occurred before and after the
abnormal behavior. There were four 10-minute sequential
recording sessions in each social test.
At intervals distance data were recorded simultaneously
with the above data. When a distance score was taken, its
position in the sequence of behaviors on the adding machine
tape was noted by a ’’total" sign. The positions of all four
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animals in each group were recorded every 20 seconds for a 
period of five minutes. The five-minute distance recordings 
were made by another experimenter who timed them so that 
they randomly started within the first 5 minutes of the ten- 
minute arousal level recording. As with the sequential 
recording, there were also four distance recording sessions.
At the end of ten weeks of social testing, the animals 
were placed in the social room with harnesses on them. One 
monkey in the group had a transmitter attached to him, and 
the others had dummy transmitters.
After a one-hour adaptation period, the heart rate of 
the animal with the transmitter was recorded. The level of 
arousal and abnormal behaviors were recorded simultaneously 
on the data sheet so that the heart rate could be compared 
to specific behaviors. Each animal in each group was attached 
to the transmitter and data collected over 6 days, for 10 
minutes per day, until there was one hour of heart-rate data 
for each animal.
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CHAPTER VIII 
RESULTS
Many analyses were performed on the data. The analyses 
and results are listed in detail below, and summarized 
beginning on page 94.
An example of the way the data looked after collection 
is presented in Appendix 26.
A negative and positive sequential lag analysis was 
done for the occurrence of all abnormal behaviors. This 
consisted of looking at the 5 activity levels following 
(pos. lag) the behavior. Levels of activity were trans­
formed by the formula: [(A-1) x 4 + n] where A is the 
activity score and N is the number of animals. In this 
manner, the number of animals participating in the activity 
level was taken into account. Using this formula resulted 
in a unique number for each level of activity with 1, 2, 3, 
or 4 animals participating. Thus, when 3 animals partici­
pated in a level 4 activity (play) a score of 17 would be 
assigned to the group activity, while 2 animals partici­
pating at level 4 would yield a score of 16. Appendix 27 
lists all activity level rank orderings for each combination 
of activity level and number of animals participating.
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Figure 21 is a graph of the average activity levels for 
5 negative and 5 positive lags across all abnormal behaviors 
occurring in any group. The activity level at negative lag 
1 was slightly higher than the level at positive lag 2.
However, there was no pattern of an increasing level of 
activity prior to the abnormal behavior, and no pattern of 
a decrease in the levels after.
Figures 22 through 27 illustrate the negative and posi­
tive lags for catatonic limb contractions, self-biting, eye 
poking, oral homosexuality, and masturbation. It should be 
noted that there are two figures for oral homosexuality.
This was the only behavior which occurred frequently while - . ' 
the animals were involved in the level of activity (90 series), 
and when there was no active participation in the activity 
level (80 series) . All other abnormal behaviors were very 
infrequently in the 90 series (indicating an active partic­
ipating in the recorded activity level). Since abnormal 
behaviors coded 90 * s occurred so infrequently, they were 
not analyzed. In addition, there were abnormal behaviors 
which did not occur at all, or occurred so infrequently that 
a lag analysis was inappropriate. These were self-mouthing, 
self-clutching, stereotypic rocking, and inappropriate 
sexual posture.
The lag analysis of the occurrence of catatonic limb 
contractions showed a steady decrease in activity levels 
before the behavior, and then no monotonie pattern after
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Figure 21 
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Figure 22
Catatonic Limb Contractions 
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Figure 23
Self-Biting 
Negative and Positive Lags
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Figure 26
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Figure 2 7
Masterbation 
Negative and Positive Lags
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the behavior.
Self-biting patterns were not nonotonic at either the 
negative or positive lags. This was also true for eye pok­
ing.
The negative lag analysis for the oral homosexuality 
with active participation in the activity level (97) reveal­
ed a steady decrease in the activity level from negative 
lag 4 on, an increase at positive lag 1, and then a steady 
decrease from positive lag 2 through 5. This pattern was 
not repeated in the oral homosexuality with no participation 
in the activity level (87).
The activity level for masturbation increased from 
negative lag 4 through -1, and remained stable from positive 
lag 1 through +2, and then became nonmonotonic.
Distance data were taken every 20 seconds for five 
minutes within each 10-minute recording session. It will be 
recalled that in the recording of the activity levels and 
abnormal behaviors, a total sign on the tape indicated that 
a distance score was being taken. This made it possible to 
determine the activity level and the abnormal behavior 
occurrence (if it occurred) at each distance score. An 
attempt was made to do a sequential lag analysis for the 
distance scores and the abnormal behaviors to determine if 
proximity of the animals to each other increased or decreased 
with the occurrence of this behavior. These lag analyses 
revealed no clear trends, and it became obvious that the
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distance recordings would have to be recorded continuously 
rather than every 20 seconds, before clear trends could be 
found. Many abnormal behaviors occurred outside the param­
eters of the distance recordings, and those that did fall 
within the parameters, manifested the same problem illus­
trated in Appendix 26. Had it been possible to record 
distance with each position change, the lag analysis may 
have been relevant.
There were no clear trends in the lag analysis across 
all abnormal behaviors. However, the average rank order 
level of activity was computed across the 10-minute record­
ing periods where no abnormal behaviors occurred, or where 
5 or more occurred. Comparison of these two activity measures 
revealed that where 5 or more abnormal behaviors occurred, 
the level of rank order activity was higher (15.4 versus 
12.66).
An overall analysis of variance on activity levels 
(Appendix 28) indicated that there was a significant main 
effect for rearing (Figure 28), The average rank order 
activity level of the partial-isolate groups was signifi­
cantly higher than that of the group-living groups.
An analysis of variance (Appendix 29) on the distance 
scores revealed the same pattern that was reported in the 
preparatory study. That is, there were significant main 
effects for both rearing (Pc.001, df=12) and diet (P .01, 
df=12) (Table 10). Again, the low-protein partial isolates 
maintained the greatest distance from each other followed
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Table 10
Distance Scores 
(Rearing and diet main effects) 
(Expressed in Inches)
High Low X
Partial Isolate 74.54 79.56 77.05
Group Living 65.42 69.23 67.32
X 69.98 74.39
(P<.01, df=12)
(P<.001, df=12)
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by the hiph-protein isolates, the hiph-protein group-living, 
and the low-protein group-living animals.
Distance data were further analyzed based on activity 
scores. Distance scores at activity levels which were not 
aggressive levels yielded the same pattern as did those 
distance scores taken at aggressive levels of activity. Thus, 
the differences in the distance scores for the partial iso­
lates versus group-living animals cannot be accounted for by 
the increased aggression in the partial isolates.
An analysis of variance (Appendix 30) comparing the 
mean heart rates of all groups revealed that the low-protein 
animals have a significantly (P<.03, df=12) higher heart 
rate than do the high-protein animals. The partial isolates 
also have a significantly (P<.07, df=12) higher heart rate 
than do the group-living monkeys (Table 11).
Correlations of heart rates with rank order activity 
levels were computed for each group (Table 12),
The scores were not normally distributed; therefore, 
an additional correlational analysis was computed for each 
subject. An analysis of variance (Appendix 31) was then 
done on the resulting correlations using a Fisher’s Z 
transformation [ z ~ l / 2  log^ j make the correlation
scores normally distributed. This analysis of variance 
yielded a significant (P<.08, df=*12) diet main effect, with 
the heart rate of the low-protein groups correlating with 
the rank order activity levels significantly more than
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Table 11
Average Overall Heart Rate 
(Diet and rearing main effects)
Heart Rate (Beats per minute) 
High Low X
Partial Isolate 216.40 227.82 222.11
Group Living 187.80 220.90 204.35
X 202.10 224.36
(P<.03, df=12)
(P<.07, df=12)
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Table 12
Group Correlations Between Heart Rate 
and Activity Levels
High Low X
Partial Isolate .37 .55 .46
n= 240 n= 240
Group Living .30 .42 .36
n=240 n=240
X .335 .485
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the high protein animals (Table 13).
Table 14 shows the average heart rate of the animals 
which engaged in all observed behaviors and the frequency 
of the occurrence of each behavior. Due to the high variance 
in the frequency of these behaviors, no analysis of variance 
was done.
Table 15 shows those behaviors which resulted in a lower 
average heart rate, and those which resulted in an increased 
average heart rate. All abnormal behaviors with the excep­
tion of self-biting reflected lower heart rates,
IVhat follows is a brief summary of all results of this 
study :
There were no clear trends of ascending activity levels 
preceding the occurrence of the abnormal behaviors, and no 
clear descending levels of activity following the abnormal 
behavior. However, the average rank order activity level 
for those 10-minute sessions in which no abnormal behaviors 
occurred was lower than the average rank order activity 
levels in sessions where S or more abnormal behaviors 
occurred (12.66 versus 15.4). The distance lags were incon­
clusive. The average rank order activity levels maintained 
by all groups across all tests was significantly higher for 
the partial isolates than for the group-living animals.
Analyses of the distance scores revealed that the low- 
protein partial isolates again maintained the greatest 
distances from each other followed by the high-protein
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Table 13
Significant Heart Rate— Activity Level Correlations 
(Rearing and diet main effects)
High Low X
Transformed Transformed 
Means Means
Partial Isolate .47 . .89 .68
n=240 n=240
Group Living .40 .60 .50
n= 240 n= 240
X .435 .746
(P<.08, df=12)
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Table 14
Group Average Heart Rate for Every Individual Behavior
Individual
Behavior
Low Protein 
Partial Isolate 
Average Overall 
H.R.=228
Low Protein 
Group Living 
Average Overall 
H.R.=221
High Protein 
Group Living 
Average Overall 
H.R.=188
High Protein 
Partial Isolate 
Average Overall 
H.R.=216
Avoidance
Catatonic Limb 
Contractions
Catatonic Limb Cont. 
with Eye Poke
Grimace in response 
to Threat
Grooming
Huddle Together 
in Group
Lying Down
Masturbation
Object Directed
Oral Homosexuality
Pacing
Average 
Heart 
Freq Rate
12
28
0
0
0
10
2
0
50
267.4
219.0 
189.2
219.0
185.6
216.0
271.2
Average 
Heart 
Freq Rate
Average 
Heart 
Freq Rate
1
4
8
2
0
23
2
51
288.0
240.0
192.0
183.8
192.0
218. 3
186.0
259.8
0
0
0
44
0
0
2
0
40
168.8
192.0
223.5
Average 
Heart 
Freq Rate
22
8
5
0
42
0
4
0
51
243.8
195.8
236.3
230.4
195.1
207.0
230.4
o\
■a
I
I
■o
CD
(/)
o '3
CD
8
c5'
Picking at Jacket 0
Self Biting 5 274.8
Sitting Curled up so 
as to Avoid Looking 
at Other Monkeys 6 183.6
Sitting and Looking 
Around Room 117 220.6
Sucking Thumb 0
Table 14 Continued
25 231.54
0
24 205.8
75 215.0
23 186.5
11 . 199.6
0 - -
74 183.2
68 181.7
22 255.8
9 197.7
72 195.8
0
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Table 15
Behaviors That Reflect Heart Rates That Are 
Lower or Higher Than the Overall Average 
Heart Rate for Each Group
Lower Heart Rates
Behavior
Catatonic Limb 
Contractions
Catatonic Limb 
Cont. with an 
Eye Poke
Grooming
Huddle Together 
in a Group
Lying Down
Masterbation
Object Directed
Oral Homosexuality
Sit Curled up to 
Avoid Looking
Sit and Look
Suck Thumb
Low
Protein
Partial
Isolate
-8.75
-38.55 
None
None 
None 
-46.15 
-11.75 
None
-44.15 
— 7.15 
None
Low
Protein
Group
Living
None
None
-28.8
-37.0 
-28. 8 
None 
— 2.5 
-13.2
■15. 0 
-5. 8 
■34. 3
High 
Protein 
Partial 
Isolate
- 20.1
None 
+ 14. 4
None 
- 20. 8 
None 
+ 4. 2 
None
-23. 2 
L20.1 
None
High
Protein
Group
Living
None
None
None
■19 
None 
None 
— 8.9 
None
-4. 6 
- 6.1
None
Higher Heart Rates
Avoid Another 
Animal +43.45
Grimace in 
Response to Threat -8.75
Pacing
Pick at Collar 
Self Biting
+43.45 
None 
+47.05
+ 39
+ 19. 2 
+ 39 
- . 7 
None
+ 14. 5
+20.4 
+ 14. 5 
+ 1 1. 8 
+ 39. 9
+ 35.7
None 
+ 35.7 
None 
None
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partial isolates, the hiph-protein group-living monkeys and 
the low-protein group-living. The same pattern was main­
tained across aggressive levels of activity and non- 
aggressive levels of activity.
The analyses of the heart-rate data revealed that the 
heart rate of the low-protein groups was correlated with the 
activity levels significantly more than was the case in the 
high-protein groups.
There were greater fluctuations in the heart rates of 
the low-protein animals and in the partial isolates than in 
the high-protein and group-living animals.
Self-biting behavior accompanied an increase in heart 
rate; all other abnormal behaviors which occurred during 
heart rate recordings were accompanied by a decrease in 
heart rate.
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CHAPTER IX 
DISCUSSION
The results of this study lend support to two of the 
hypotheses: 1. Social situations were stressful for animals
reared in partial isolation, and abnormal behavior resulted 
in a stress reduction, and 2. As levels of arousal fluctuated, 
there was a corresponding physiological change, and abnormal 
behaviors resulted in a reduction of heart rate.
However, problems in the data collection method led to 
some difficulties in interpreting the results.
First, every change in group behavior was recorded 
sequentially, but durations were not measured because the 
recording apparatus was not available. If duration could 
have been recorded, then differences in the amount of time 
at a particular arousal level could have been calculated.
For example, two minutes of aggression may have been more 
arousing than one second.
Second, the occurrence of abnormal behaviors was some­
times so frequent that, in the lag analyses, measures of the 
different levels of activity in the sequency between abnormal 
behaviors could be counted either as a negative or a posi­
tive lag depending on the abnormal behavior referenced,
100
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Appendix 25 demonstrates this phenomenon. Because a partic­
ular activity level could be computed either as a behavior 
preceding an abnormal response, or as one following another 
abnormal response, describing systematic group trends was 
imposs ible.
A similar problem was encountered in measuring the 
distance lags after abnormal behaviors. Because of these 
measurement problems, confirmation of the hypothesis that 
abnormal behaviors kept other monkeys away was precluded.
However, in spite of the above difficulties, several 
interesting results were obtained.
Measures of the levels of activity did show that, when 
zero abnormal behaviors occurred within a 10-minute testing 
session, the average rank order levels of activity was 
lower than when 5 or more abnormal behaviors occurred. 
However, no definite sequential increase in rank order 
activity levels prior to the occurrence of an abnormal 
behavior, or a decrease in the levels after, were observed.
The average rank order activity levels across all tests 
were significantly higher for the partial isolates than the 
group-living animals. This is consistent with the hypothesis 
that social situations are arousal producing for the partial 
isolates.
If the rank order activity levels were valid, then 
physiological measures such as heart rate should have 
reflected increased arousal. The low-protein animal heart
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rates did, in fact, correlate positively with the activity 
levels so that as activity levels increased, the heart rate 
of the low-protein animals showed a corresponding increase. 
This effect was most dramatic in the low-protein partial 
isolates.
It appears that the low-protein animals may have been 
more affected by external stimuli, and thus paid closer 
attention to the group behavior.
Perhaps their already increased heart rate raised their 
stimulus reactance to the upper levels of tolerance, and, by 
keeping close watch of the group, they avoided excessive 
stimulation. When the monkeys sat in such a way that they 
could not see the other monkeys, their heart rates went down. 
This reduction in heart rate was the most marked among the 
low-protein partial isolates. However, the frequency of 
this behavior was extremely low compared to the other groups.
Distances maintained during this study were similar to 
those found in Study I. That is, the low-protein partial 
isolates maintained the greatest distances from each other, 
followed by the high-protein partial isolates. These 
distance patterns were maintained regardless of whether or 
not the level of activity was at an aggressive behavior 
level. Therefore, it might be inferred that the partial 
isolates, especially the low-protein animals, actively avoid 
each other.
The high-protein group-living animals reflected the
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most stable heart rate across all behaviors. The cardiac 
response in all other groups fluctuated depending on behavior, 
Since the heart rates of the low-protein animals and partial 
isolates fluctuated at approximately the same rates, it 
might be that low protein and partial isolation have addi­
tive effects.
In the partial-isolate condition, self-clutching and 
catatonic limb contractions accompanied a lower heart rate, 
which lends some support to the hypothesis that abnormal 
behaviors reduce stress and are adaptive. Huddling together 
resulted in a similar reduction in the heart rate of the 
group-living animals.
Self-biting was the only abnormal behavior which did 
not reduce heart rate. In fact, it increased the cardiac 
response of those animals to an average of 43.47 beats per 
minute above the average. One might hypothesize that, 
during aggression, the heart rate of the socially adept 
animal would increase. Perhaps this explains the increased 
heart rate during self-biting. That is, it is a form of 
aggression, but is self-directed rather than externally 
directed.
There were difficulties connected with the collection 
of the heart rate data. Attaching transmitters involved 
catching the monkeys, restraining them, gluing the EKG 
electrodes to their chests , taping connecting wires around 
their bodies, and then putting on a leather vest to hold
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the transmitter in place on his back. All other monkeys 
in the group were caught and held in a similar manner so 
that leather vests could be put on. This whole procedure 
might be considered highly aversive to the monkeys and, 
in spite of an hour of adaptation in the social room, they 
did not behave in their usual manner. The group-living 
animals huddled together, and the partial isolates sat 
huddled against a wall or all curled up in a ball.
Implications of this study for further research include 
the following:
1. Observing a single animal’s behavior or the group 
behavior does not provide adequate information to determine 
whether or not there were external stimuli for eliciting 
abnormal behaviors.
The ideal situation would involve a behavioral code 
which would include the individual monkey's behavior, the 
behavior of monkeys to whom he is responding, his distance 
from the stimulus monkey, and the corresponding heart rate.
2. Apparatus for the collection of heart rate data 
should be internally implanted in the animal so that he 
maintains a stable behavior pattern.
3. After initial testing under one environmental 
condition, the conditions might be reversed in order to 
determine what period of adaptation is required before 
aggression and abnormal behaviors decrease. Ideally, 
additional groups should be included in which both diet and
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the environmental conditions are reversed. Comparisons of 
all groups could provide information as to whether or not 
there is a critical period wherein the effects of low pro­
tein and partial isolation are irreversible, and the rela­
tive contribution of each to the process of rehabilitation.
What follows is a discussion of possible implications 
of this study for human research,
McKinney and Bunney (1969) stated that before animal 
syndromes can be considered parallel to those of humans 
they must meet three conditions:
1. External behaviors and expressions of the animal 
should be easily identifiable with those of man. In other 
words there should be face and body validity. Ideally, 
biochemical pictures of disturbed monkeys should also 
mirror those of disturbed man.
2. The etiological conditions predisposing to or 
causing human maladaption should be highly similar for 
monkeys, although some allowance must obviously be made for 
cultural causality. If heredity is a primary factor, it 
should also be a primary monkey variable. If anxiety is 
the primary human variable, anxiety should be the primary 
variable for monkeys.
3. Therapeutic techniques successful with man should 
also be effective for monkeys.
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Harlow and Suomi (1974) stated that they have met these 
requirements in the production of anaclitic depression in 
monkeys. They further stated that some of their isolated 
monkeys have been described, by a highly competent psychi­
atrist, as schizoid simulating.
In studies of the reversal of deficit produced by 
isolation, Suomi, Harlow and Novak (1974) found that com­
plete reversals could be obtained if a younger, non-isolate 
reared monkey was put in with the deprived monkey. On the 
basis of these results they recommend that human profession­
al therapy, which is centered inside the therapy hour, might 
be augmented by arranging the exposure of patients to non­
professional models who demonstrate adaptive behaviors.
Taking a more conservative approach to the results of 
this study which does not meet McKinney and Bunney's (1974) 
requirements, the following suggestions are put forth.
1. Nutrition education programs should include an 
emphasis on environment so that parents could provide 
an enriched environment.
2. Perhaps programs such as Head Start should include 
well-nourished, socially adept children to serve as models.
3. Human nutrition research might do well to focus 
on social behavioral deficits as well as physiological and 
intellectual functioning.
4. Programs designed to test for intellectual capabili­
ties should take into account motive variables that could
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interfere with adequate performances,
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CHAPTER X 
SUMMARY
Four groups of monkeys reared under partial isolation 
or group living conditions and sustained on low or high 
protein diets were tested for 15 weeks.
A behavioral index depicting the levels of group 
activity (arousal) was developed, and continual group 
activity levels were collected for four 10-minute periods 
twice weekly. The occurrence of abnormal behaviors was 
recorded within the sequence of the continual activity 
scores. Distance scores depicting the positions of all 
monkeys were recorded at 20-second intervals for S minutes 
within the 10-minute sessions. these distance scores were 
paired with the continual activity scores.
After 10 weeks of the above testing, all animals were 
fitted with portable EKG transmitters and tested in the 
social room. The group activity level, individual activity, 
and individual heart rates were recorded simultaneously for 
six 10-minute periods thus yielding one hour of heart-rate 
data per animal.
It was found that there were no definitive patterns of
increased activity (arousal) levels before the occurrence
108
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of an abnormal behavior, and no systematic patterns of 
decreasing activity after. However, the average levels of 
activity for those 10-minute sessions where no abnormal 
behaviors occurred was lower than the average activity 
level where 5 or more abnormal behaviors occurred.
The low-protein partial isolates maintained the 
greatest distances from each other, followed by the high- 
protein partial isolates. The low-protein group-living 
animals maintained the closest proximity to each other.
This pattern was the same regardless of the activity level 
of the group.
The average heart rate of the low-protein animals was 
higher than that of the high-protein animals, and slightly 
higher for the partial isolates versus the group-living 
animals.
The heart rates of the low-protein animals correlated 
positively with the level of activity. Abnormal behaviors 
such as self-clutching and catatonic limb contractions 
resulted in a reduction of heart rate, and self-biting 
resulted in a higher average heart rate.
Problems with these data collection methods were dis­
cussed. Results were discussed in terms of their implications 
for further research, and their possible implications for 
the human condition.
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CHAPTER XI 
OVERALL SUMMARY
Two experiments were conducted over a two-year period. 
Subjects were four groups of prepubescent monkeys (Macaca 
mulatta) reared on low- or high protein diets, and living in 
a partial isolation or a group living situation, thus pro­
viding a 2 X 2 factorial design. The purpose of the two 
studies was to examine the contributions of diet and envi­
ronment, and their interactions, to the development of social 
behavior.
In Study I the frequency of occurrence and cumulative 
time spent in five mutually exclusive and all inclusive 
categories of behavior was recorded. These categories 
were aggression, social contact, play, object-directed be­
havior, and non-object, non-social behavior. The frequency 
of the occurrence of 9 abnormal behaviors which have been 
classified as both "severe” and "immature" in nonhuman pri­
mates, were recorded. These behaviors were; self-mouthing, 
self-clutching, self-biting, inappropriate sexual posture, 
stereotypic rocking, eye poking, catatonic limb contractions, 
oral homosexuality, and masturbation. The position of each
110
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monkey in the social room was recorded every 5 minutes and 
distances maintained between monkeys were calculated. All 
groups were tested for 1,5 hours twice weekly. During the 
l.S hours data were collected beginning IS minutes after 
the monkeys were placed in the social room, and again after 
45 minutes in the room.
It was found that partial isolation resulted in an 
animal who was more aggressive, and who engaged in less 
social contact and play behavior than did the group-living 
animals. When a deprived environment was combined with a 
deficient diet, it resulted in an animal who engaged in the 
greatest number of severe abnormal behaviors (self-hiting, 
catatonic limb contractions, and self-clutching). Although 
most of the animals showed some abnormal behavior, the 
greatest majority was accounted for by one or two animals 
who were low on the dominance hierarchy. The deficient 
diet alone resulted in an animal who engaged in immature 
abnormal behaviors which, according to his age, should have 
dropped out of his behavioral repertoire (self-mouthing, 
inappropriate sexual posture, eye poking, oral homosexuality 
and masturbation).
The low-protein partial isolates maintained the greatest 
distances from each other followed by the high-protein 
partial isolates. The group-living animals maintained the 
closest proximity of the groups.
The purpose of Study II was to determine whether
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increased group arousal led to abnormal behaviors, to see 
if proximity of other animals was an influencing factor, 
and to determine if engaging in abnormal behaviors operated 
as a stress reducer.
In Study II the same animals were tested using a behav­
ioral index of activity levels. This index consisted of a 
numerical scale from 0 through 7 with 0 equivalent to 
sitting apart and doing nothing, and 7 equalling intense 
aggression. The level of activity of the groups was con­
tinuously recorded over four 10-minute periods within 1.5 
hours. The occurrence of an abnormal behavior was recorded 
within the sequence of the continuous activity level- For 
5 minutes within each 10-minute session distance scores were 
recorded at 20-second intervals. These distance scores 
were paired with the continual activity level scores. Test­
ing took play twice weekly.
After 10 weeks of the above testing, the animals were 
fitted with portable EKG transmitters and tested in the 
social room. The group activity level, individual behaviors, 
and individual heart rates were recorded simultaneously for 
six 10-minute periods thus yielding one hour of heart-rate 
data per animal.
It was found that there were no definite patterns of 
increasing activity (arousal) levels before the occurrence 
of an abnormal behavior, nor a definite pattern of decreasing 
levels of activity after. However, the average level of
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activity for those 10-minute sessions in which no abnormal 
behaviors occurred was lower than the average level of 
activity where 5 or more abnormal behaviors occurred.
In addition, the low-protein partial isolates main­
tained the greatest distances from each other. This 
pattern, also found in Study I, was the same regardless of 
the activity level of the group.
The average heart rates of the low-protein animals 
were higher than the rates recorded from high-protein 
animals, and slightly higher for partial isolates than 
group-living animals.
The heart rates of the low-protein animals correlated 
positively with the level of activity. Abnormal behaviors 
such as self-clutching and catatonic limb contractions were 
associated with a reduction in the average heart rate.
Self-biting, on the other hand, was accompanied by a sig­
nificant increase in average heart rates.
Results were discussed in terms of the relative con­
tributions of diet and environment to the social develop­
ment of monkeys. Implications for further animal research 
were discussed, as were human research suggestions.
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Appendix 2 6
Sample of Raw Data Appearance 
(Study 2)
0)>Q)J
îH
4->•H>•H+JO<
CO I—I
e•H
<
M-fO.
U
0
Is
Target Behavior 
- Distance Scores
4 2
3 3
Total - Distance Scores such as 415, 515, 825, 855
4 2
5 3
8 3 -
Total 
3 1
8 5- Target Behavior
6 2 
2 
2 
3
2 - Target Behavior 
2
3 
1
4 
2
3 —
Total -
3 3
4 2 
3 3
6
5
3 
8
4 
3 
3
5
6 
8 Target Behavior 
Distance Scores
As can be seen, going back 5 activity scores. (Negative . 
lag) or forward 5 activity scores (Positive lag) from either 
the target behaviors or the distance scores can involve us­
ing the same activity score for several different lags.
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Appendix 2 7
All Possible Rank Order Transformations 
of Activity Scores
Activity Transformed
Score Scores
01 0
11 1
12 2
13 3
14 4
21 5
22 6
23 7
24 8
31 9
32 10
33 11
34 12
41 13
42 14
43 15
44 16
51 17
52 18
S3 19
54 20
61 21
52 22
63 23
64 24
71 25
72 26
73 27
74 28
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